Agro-ecological indicators (AEIs) allow evaluating sustainability for a large number of farms. The SITPAS Information System developed for the agricultural park "Parco Agricolo Sud Milano" (northern Italy) contains detailed farming and cropping systems information for 731 farms that can be used for these analyses. We used the SITPAS database to evaluate N management with an AEI and to evaluate the suitability of the SITPAS data model for this type of applications. The AEI (soil surface N balance) was calculated for each crop at field scale, as the difference between the sum of N inputs (atmospheric depositions, biological fixation, fertilisers, residues from previous crop) and crop N uptake; the results were aggregated at rotation and farm levels. The farming systems with the highest surplus (> 300 kg N ha -1 ) are dairy, cattle and pig farms, in which chemical N fertilisers are used in addition to animal manures. The crops with the highest surplus are Italian ryegrass and maize (183 and 172 kg N ha -1 , respectively), while rice and wheat have the lowest surplus (87 and 85 kg N ha -1 ). The data model allowed to store and analyse complex information not manageable otherwise; its main limitation was the excessive flexibility, requiring a complicated procedure for the calculations of this example, and the exclusion of most data at the farming systems level (corresponding to 82% of the studied area) for missing, incomplete, out-of-range or inconsistent data. These results suggest to promote actions towards better N management in cropping systems in the Park and to develop simple data models based on minimum data requirements when sustainability evaluations are to be conducted.
Introduction
In the last decades, there has been an increasing concern about the environmental impact of agricultural activities, involving consumers, citizens, policy makers and farmers. Several policy measures to promote sustainable agriculture were issued by European Union, governments and regional administrations. As a support to ex-post and ex-ante evaluation of these measures, it is important to evaluate the sustainability of agricultural management, to reveal not only the systems which are negatively affecting the environment, but also to identify the positive environmental externalities of agricultural activities. Such evaluations need to be carried out for a large number of farms. To be feasible, they should be based on data already available without the implementation of direct measures, which would be too expensive for non-experimental contexts. Examples of available data include Common Agricultural Policy (CAP) archives, applications for funding under the Rural Development Programmes and demands of agricultural fuel.
The most suitable tools that can be applied in this context are agro-ecological indicators (AEIs). These (OECD, 2001; Castoldi and Bechini, 2006) are synthetic variables representing the cropping or farming systems, based on relatively simple data, allowing evaluating the environmental performance of production systems by benchmarking with thresholds and providing relative comparisons of systems in space and time. Issues that can be faced with AEIs include biodiversity and landscape (Weinstoerffer and Girardin, 2000) , water quality, nutrient (Parris, 1998; Öborn et al., 2003) and pesticide management (Reus et al., 2002) , and soil quality (Bockstaller and Girardin, 1996) .
Our application of AEIs is based on the SIT-PAS information system ("Sistema Informativo Territoriale per il Parco Agricolo Sud Milano", standing for "Agricultural Information System for the Sud Milano Agricultural Park"; Bechini and Zanichelli, 2000; Provincia di Milano, 2006) . The SITPAS information system integrates in the same GIS environment agricultural, pedological, climatic and environmental information collected in the Parco Agricolo Sud Milano (PASM). In particular, it contains detailed and georeferenced crop management information for 731 farms, obtained through direct interviews with farmers.
In this paper (i) we present the SITPAS database, underlining its specific features in relation to the calculation of AEIs indicators of crop management; (ii) we evaluate one aspect of sustainability using a management-based AEI, the soil surface balance for nitrogen (N) (Parris, 1998) , applied to the farms described in the SITPAS database; (iii) we finally discuss advantages and disadvantages of this approach.
Materials and methods

The SITPAS information system
The PASM is a regional metropolitan agricultural Park, surrounding the town of Milano (northern Italy, 45°N, 9°E), and including 61 municipalities. It was created in 1990 with the aim of preserving and improving landscape and natural environment, and, differently than in traditional protected areas, also to safeguard, qualify and promote agro-forestry activities. The agricultural area is ca. 35,000 ha, and the most important crops are maize, rice, permanent meadows, soybean, barley, Italian ryegrass and winter wheat, with moderate to high yields (averages of 9.6, 19.5, 5.2, 4.8, 4.9 and 3.0 t DM ha -1 for grain maize, silage maize, rice, winter wheat, barley and soybean, respectively). A total of 910 farms has been identified, and 731 were described in detail; of these, animal farms are 348 and raise bovine (dairy and cattle), swine and poultry livestock. Irrigation is normally performed with surface methods, using water from a dense network of canals.
The aim of the SITPAS project (1999) (2000) (2001) (2002) (2003) was to collect, integrate and analyse information about agricultural activities in the PASM to support strategic and operational decisions of the Park. The SITPAS information system was developed in a GIS environment and includes vector maps representing polygons at the cadastral and municipal level and several relational databases. The databases consist of the farming systems database (SITPAS-db), containing data collected through interviews to 731 farmers, and the external pre-existing databases (including databases of public administration, like CAP files).
The SITPAS database
The SITPAS-db contains information collected on purpose during the project and not available in any other external pre-existing database. Its data model was developed with the entity-relationship framework (Garcia-Molina et al., 2002) . It is consistent with the questionnaire used to interview the farmers, and is linked with external data sources (databases and maps). It was implemented using the Relational Database Management System (RDBMS) Microsoft Access. The implementation includes 159 entities, 166 domains (closed lists containing qualitative information, used to avoid typing errors and to ensure data consistency within the working group) and 150 relations. The database contains detailed information related to farm, cultivated parcels, irrigation sources, buildings used for agricultural production, mechanization, crop rotations and management, livestock management (feed, manure). Every crop and animal management information represents the farmer's average behaviour, and therefore is not related to a particular year. All information related to buildings, cultivated land and crop operations are georeferenced at the cadastral parcel level. The application presented here is related to crop management, therefore details are provided for this section of the data model. A farm may run one or more crop rotations, which can be georeferenced by indicating the cadastral parcel(s) used; if the parcels are not identified, the rotation is referred to the entire farm. Crop rotations are represented as a sequence of crops over time; for each crop, agronomic operations can be recorded (tillage, sowing, fertilisation, irrigation, herbicide, fungicide and insecticide application, harvest). For each crop management operation several types of information can be specified: the type of operation, the date on which an operation is carried out (which can be indicated with the day and month or by specifying the number of days before or after another crop operation or before/after a crop development stage), the percentage of crop area (R a ) interested by a given crop management operation (less than or equal to 100%), the frequency (f) with which a crop management operation is repeated during the growing season (e.g. cutting of meadows), the depth of tillage. For operations involving the application of one or more products (fertilisers or pesticides), the type and amount of product(s) applied are indicated; for each product, the detailed composition is available in the database (e.g. N, P and K contents of fertilisers, active ingredients of pesticides), through a list that can be expanded. For harvest operations, the yield(s) and the fate of harvested product(s) and residues can be specified (sold, recycled within the farm -for example as animal feed -, re-incorporated into the soil). The flexibility of this data model needs also to be described: farmers presented a wide range of responses, not only in technical terms, but also concerning the amount and the quality of the information provided. This reflects the variability of production systems and the variability of farmers' technical skills and willingness to collaborate. We believe that this variability is difficult to avoid when the number of farms is large and the less co-operative farmers are not excluded from the survey. Therefore, in order to maximize the possibility of using different types of data, the data model described above was kept flexible, so that for example it is possible to: (i) leave several fields empty (e.g. crop yields and the amounts of products applied do not need to be always specified); (ii) avoid inserting the entire set of crop management operations (e.g. specifying a harvest operation is not mandatory, or the harvest operation can be specified but the products obtained do not need to be listed); (iii) use different measurement units for the same variable in different records (e.g. crop yield can expressed on a wet or dry basis); (iv) use hierarchical domains to specify crop types, types of management operation, types of products applied: the hierarchical domains allow to specify the value of a variable at different levels of detail (e.g. crop type can be described as "Cereals", or "Maize", or "Maize -FAO Class 600" or "Maize -Costanza"); (v) store the same information in alternative ways; e.g. straw incorporation can be either described as a distinct crop management operation or as the fate of the straw resulting from a grain harvest operation.
Calculation of N surplus
The soil surface N balance indicator (Parris, 1998) was separately calculated for each single crop of each rotation of each farm, and then a weighted average (based on crop area) was calculated for the rotation and for the farm. This indicator is the difference between the nutrients entering the soil and those leaving the soil with crop uptake annually. Positive values of the balance indicate nutrient accumulation in soil and/or nutrient losses, while negative values indicate nutrient depletion from soil. We calculated the soil surface N balance as: S = F + M + R P + A + B -R -U where: S = N surplus, F = N applied with chemical fertilisers, R P = N returned to soil with residues originating from the previous crop in the rotation, M = N applied with animal manures, A = atmospheric depositions, B = biological fixation of leguminous crops, R = N removed from soil with crop residues, U = N removed from soil with useful product.
Nitrogen contained in irrigation water, ammonia volatilisation and denitrification were not considered because not enough information was available to estimate them. Denitrification and ammonia volatilisation are therefore a part of N surplus, and contribute to possible losses. The quantity F was estimated by multiplying the amount of fertilisers applied by their N concentration. For animal manures, both the amounts applied and the N concentrations were unknown. To estimate the amount of manure-N available at the field level, we calculated for each farm the total livestock weight (using the number of heads in each animal group and their average live weight). On this basis, we then estimated the annual N emissions from livestock, using a conversion coefficient (live weightemissions), net of losses in the stable and during manure storage; it therefore represents residual N for field distribution . Generally, farmers did not indicate the amount of manure applied on each field; for that reason we homogeneously allocated manure-N to crops for which operations of animal manure distribution were declared; if this information was missing, we assumed that the entire farm area was fertilised with animal manures. Atmospheric deposition (A) was set at 15 kg N ha -1 crop -1 . Biological fixation (B) was estimated as U -A -0.5 M -0.7 F for monospecific leguminous crops (soybean, meadows), and equal to 40 kg N ha -1 year -1 for other rotated or permanent meadows . We assumed that crop N uptake (U) could be estimated by multiplying the declared crop yields by their N concentrations derived from literature . For the estimation of N contained in crop residues (R P and R), we first calculated the amount of crop residues using yield and harvest index; we then multiplied this amount by its N concentration .
Before carrying out the calculation of the soil surface balance, a detailed data quality check was done. This was particularly important because different persons were involved in data collection and because of the variability in farmers' responses. In particular, we have checked that all the variables required for our calculations were within a proper range and were not missing; otherwise we eliminated from the analysis the corresponding crops, rotations or farms with the exception of average crop yields, used in replacement of missing or out-ofrange yields. All the variables related to crop management operations (crop biomass and amounts of products applied) were multiplied by R a × f (to consider the percentage of crop area treated with the operation and its frequency).
Results
Data quality
The original SITPAS-db (dataset A) describes 731 farms, covering 38,095 ha. This figure is higher than the ca. 35,000 ha of agricultural area of the Park, because it includes farms with part of the land outside the Park. Average farm-scale properties (Table 1) show that maize, rice and meadows are the most important crops (occupying on average 46, 17 and 16% of farm area, respectively), and that livestock mostly belongs to the dairy type, with a moderate average density (0.62 t l.w. ha -1 ). Contractors carry out harvest operations on 48% of the area, while their contribution is much smaller for sowings and herbicide distributions. Rice is mostly irrigated with the traditional continuous flooding system (on average 14% of farm area).
Three hundred thirty-six farms having at least one record with null, out-of-range or inconsistent data were excluded from analysis.
The 395 remaining farms (Table 1 , dataset B), occupying 20,517 ha (54% of the area of dataset A), maintain similar characteristics compared to the original data set. Farms were excluded for these reasons: missing indication of the amounts of fertilisers applied, incomplete description of livestock density (missing number or missing weight of animals), inconsistent declaration of farm area, crop management described only for a part of the farm, unknown exports of animal manures.
Negative nitrogen surpluses
Unexpectedly, several soil surface N balances at crop level on dataset B were negative. Surplus can be negative only when N removed from soil (R+U) exceeds N inputs to soil (F+R P +M+A+B). Crops with negative surplus show unrealistic amounts (Table 2 ) of N applied with fertilisers (F and M), which appear too low to sustain the reported values of crop N uptake (R+U). These farmers have probably underestimated N inputs, for example by not declaring one or more fertiliser applications. Another error could be an under-estimation of biological fixation (B) for meadows, which represent a relevant fraction of the area affected by this problem. We decided to exclude from analysis the farms with negative surplus for one or more crops: the smaller dataset obtained (C; Table 1 ) includes 157 farms (18% of the area of dataset A) and maintains similar characteristics to A, even with a smaller average farm size (43 vs. 52 ha), a higher portion of farm area cultivated with maize and rice, and different livestock densities (higher for dairy and lower for swine). We will now analyse dataset C at whole-farm level. ( 
Nitrogen surplus
Whole-farm level. Nitrogen surpluses of dataset C have large variability (Table 3) ; the number of farms decreases with increasing levels of S.
Moving from the first to the last class of N surplus (Table 3) , the amount of N applied with manure (M) systematically grows; N applied with fertilisers (F) and crop N uptake do not follow a clear trend; at high levels of surplus, F is not increasing and U is always higher than 190 kg N ha -1 . The output/input ratio is decreasing from 0.86 to 0.34. The first four classes (0-200 kg N ha -1 ) occupy together 70% of the studied area, while extremely high surpluses (> 300 kg N ha -1 ) cover 14% only. In the classes with low surplus (0-100 kg N ha -1 ) the quantities of N applied with F and M are similar to crop N uptake (U+R); these farms have negligible or low livestock densities (below the average for the entire Park); a relevant fraction of farm area (29 and 33% on average in the first two classes) is cropped with rice. In the classes with intermediate surplus (100-200 kg N ha -1 ) crop uptake and F increase, together with M. Compared to previous classes, these farms have more intensive dairy farming (0.3 and 1.2 t l.w. ha -1 ), cultivate more maize, more meadows and less rice. Over 200 kg N ha -1 of surplus, the excess is mostly determined by a relevant amount of N applied in the form of manure; this classes show relatively low F amounts and high crop uptakes. They include intensive dairy farms (2.7 t l.w. ha -1 in the last class) associated with cattle and / or swine breds. The production of forages is provided by maize, meadows and Italian ryegrass.
Rotation level.
The results for rotations including crops having positive surplus are presented in table 4; the total area considered is higher than in the case of single farms due to a smaller number of crop excluded. Again, the highest surpluses are driven by relevant amounts of N applied with manures, in rotations including forages. Cereal rotations (with or without rice) occupy a relevant portion of the area and have the lowest surpluses (87-141 kg N ha -1 on average).
Crop level. When the results are analysed at the level of crop types (Table 5 , describing all crops with positive S), more information can be ex- Bechini L., Castoldi N. 
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Discussion
Nitrogen surplus
From our results the systems more at risk appear to be the forage and grain crops (Italian ryegrass, maize, barley and meadows) cultivated in dairy and pig farms, where the amounts (47) 52 (19) 43 (24) 218 (86) 068 (124) 15 (1) 01 (9) 141 (110) 0.59 Cereals and rice 11755 2690 (23%) 77 (35) 33 (11) 28 (16) 99 (59) 053 (115) 15 (0) 03 (18) 87 (106) (88) 0 (0) 0 (0) 20 (52) 229 (144) 15 (0) 46 (39) 119 (103) (38) 45 (12) 40 (12) 124 (63) 074 (132) 15 (0) 71 (46) 115 (98) (63) 37 (15) 21 (21) 174 (67) 253 (148) 18 (4) 9 (19) 237 (146) (53) 28 (11) 21 (13) 175 (134) 325 (139) 20 (5) 6 (12) 280 (98) (97) 11 (11) 10 (10) 103 (90)0 285 (219) 19 (6) 80 (140) 226 (186) 0.55
Cereals: rotation including maize, winter wheat, barley, oat, rye and eventually rice (less than 10% of the area). Cereals and rice: from 10 to 100% of rotation area is cropped with rice. Cereals and industrial crops: at least 10% of rotation area is cropped with sugar beet, oil or protein crops. Cereals and forages: more than half of the area is cropped with cereals and forages are at least 10% of the area. Forages and cereals: more than half of the area is cropped with forages and cereals are at least 10% of the area. Forages: the rotation has only forages. For symbols, see Table 2 . (28) 00 (0)0 20 (21) 031 (44) 213 (132) 15 (0) 000 (0) 183 (116) (27) 20 (4)0 25 (27) 065 (53) 140 (120) 15 (0) 000 (0) 148 (103) (17) 30 (8)0 35 (26) 133 (33) 041 (93)0 15 (0) 000 (0) 085 (86)0 0 .62 of N applied with animal manure are in general very high, and chemical N fertilisers not reduced accordingly. Farming systems with high surplus do not represent a large portion of the studied area and could receive technical assistance for better N management. Our results are in agreement with those found by other Authors, both for average and for variability. Schröder et al. (1996) have found an average value for surplus of 160 kg N ha -1 for 38 Dutch integrated arable farms, and 117 after the adoption of an integrated nutrient management program. The variability was elevated, with surpluses ranging from less than 50 to more than 200 kg N ha -1 . In an area with intensive animal husbandry (3.80 t l.w. ha -1 on average for dairy farms), Sacco et al. (2003) have found N surpluses of 41 kg N ha -1 for non-livestock farms and of 326 kg N ha -1 for dairy farms. There is a good correspondence in terms of surplus between their dairy farms and our surplus class at 300-400 kg N ha -1 , with lower M values in our work (404 instead of their 426), and similar crop uptakes. Their figures are similar also for nonlivestock farms (S = 41 kg N ha -1 ) and for crop balances (S = 183, 132, 129, 104 and 58 kg N ha -1 for maize, wheat, barley, grassland and soybean, respectively).
In animal farms the uncertain concentration of N in manure and its uncertain availability to crops make the use of chemical N a cheap method to sustain crop production regardless of the fate of the animal N applied (the so called "insurance N": Schröder et al., 2000) . For this reason methods should be identified and disseminated to the farmers of the Park to allow them for quick estimates of the nutrient value of animal manures (e.g. Scotford et al., 1998; Reeves and Van Kessel, 2000; Van Kessel and Reeves, 2000; Marino et al., 2005a; Marino et al., 2005b) . Also, methods to reduce the use of chemical N fertilisers should be applied (e.g. for maize Magdoff, 1991; Schröder et al., 2000) .
The variability of S and balance components within farm groups, rotations and crop types was very large (Tables 3, 4 and 5), in particular for M and F; the variability decreased at the level of crop types (e.g. for F in maize). Consequently, for further studies attention should be given to balance components with the highest variability, like manure. In addition, the variability demonstrates that a given crop (e.g. maize) or a given farming system (e.g. dairy farming) is not dangerous per se, but can be more or less harmful depending on the specific operational and strategic management choices taken by the farmer.
Advantages and disadvantages of the indicator
The interest of the indicator lies in its simplicity, because it allows the calculation using data that can be obtained without carrying out any direct measure, and to integrate aspects of nutrient management that are strictly interconnected (chemical fertiliser and animal manure applications, crop yields and uptake, etc.). The balance allows comparisons in time (the same system in different periods) and space (different cropping / farming systems of a region in the same period). The comparisons can be made on single balance components and on the resulting surplus (e.g. OECD, 2001, for different nations in different periods). OECD (2001) shows also that the balance allows to quickly assess the relative importance of different inputs (e.g. organic vs. inorganic fertilisers) in the determination of the surplus. Finally, nutrient balances can be used to create awareness among farmers and to guide improvements in crop and livestock N management, as demonstrated for example by Schröder et al. (1996) and by Hanegraaf and den Boer (2003) .
However, several limitations must be pointed out. Nitrogen losses are the result of complex dynamic processes that are not entirely captured by a simple mass balance: among the factors that a balance does not consider, we may cite water dynamics, initial soil content of inorganic N, soil mineralisation rate, type and C/N ratio of crop residues and manures, tillage practices, climate, and soil characteristics. As a result, positive N surplus do not necessarily indicate N losses, mainly because different forms of N accumulation in the soil are possible; also, ammonia volatilisation was not taken into account in our calculation. Therefore, the indicator only shows the potential for environmental damage or unsustainable use of soil resources (OECD, 2001) . It has been shown (e.g. Salo and Turtola, 2006; Sieling and Kage, 2006 ) that the soil surface balance does not estimate the actual N losses in a specific year: N can be accumulated in the soil so that the excess applied to a crop may be actually leached during the fallow or during the cultivation of the subsequent crop, or being absorbed by the next crop, or not being lost if immobilised in organic form. The surplus is an indicator for total N losses only if it is integrated over a relatively long period (Öborn et al., 2003) ; even then, losses account only for a part (15-57%) of actual surplus (Salo and Turtola, 2006) . When other regressors (e.g. precipitation, runoff, drainage) are used together with surplus to estimate losses, the variability explained is higher (Salo and Turtola, 2006) . In addition, a small excess of N applied is unavoidable, due to the efficiency of chemical and organic fertilisers , which is frequently in the range 50-70%.
The nitrogen indicators proposed by Bockstaller and Girardin (2000) and by Pervanchon et al. (2005) represent an answer to most of these critical aspects, still avoiding the complexity of dynamic simulation models. They provide a semi-dynamic representation of N cycling in the soil-crop system, using a more processbased approach to estimate N volatilisation and leaching, and over-winter soil N dynamics. Compared to N balances, these indicators allow analysing the interactions that simple balances do not consider. The drawback is that they require more data about climate, soil, and crop management (fertiliser application methods and dates in particular) and that a relatively more complex calculation is needed.
In our application, several sources of uncertainty have arisen: first, the farmers frequently do not know the yields of crops that are neither sold nor weighted (e.g. silage maize and meadows); therefore, these should be measured because their variability is potentially high. Biological fixation was estimated in a simple way, but other methods should be explored to derive figures that are more accurate. Nitrogen in animal excreta was estimated on the basis of live weight, using parameters that do not consider the variability of feed ration. Crop nitrogen concentrations were assumed to be the same for all crops considered, and N uptake could have been overestimated for the less fertilised crops. Ammonia volatilisation was not estimated. A fieldby-field estimate of the amounts of manure applied was not available and the homogeneous allocation across farm area (the only solution in this case, as stated also by Sacco et al., 2003) might have introduced a bias for some crops, probably by overestimating M for winter crops and underestimating for summer crops. Finally, other Authors calculate the N balance in a different ways (e.g. residues, biological fixation, atmospheric depositions, and seeds are not always included). It is important therefore to note that the results are more adequate for relative comparisons rather than for estimating absolute values of N losses.
Farm survey and data base management
The use of a relational database for this type of applications is a mandatory requirement, due to the large amount of data to be stored and processed, and to the complexity of the relationships among the objects studied. Our application demonstrates that the data model developed in the SITPAS project is complete and very detailed and that the database contains agro-environmental variables related to a large agricultural area, at the detail of single cadastral parcel.
Possible improvements of the data model are related to three interconnected methodological aspects of survey and data storage: (i) flexibility of the data model, (ii) compromise between direct interviews and reliance on existing databases, and (iii) use of pre-compiled crop management itinerary.
The extreme flexibility of our data model had the great advantage of allowing almost every answer from farmers to be recorded in the database. However, this advantage had two types of adverse consequences: first, some data were very difficult to extract, in particular when the same information could be stored in alternative ways or at different hierarchical levels; second, missing data partly nullified the results of our calculations. As an example of the first consequence, to carry out the simple calculation of the soil surface balance presented here, a total of 135 queries had to be run with the RDBMS; even if this increased the time required to develop the calculations, it did not affect the possibility of using the data. For the second consequence, serious limitations became evident in our work: 82% of the studied area could not be considered at whole-farm level, and 38-80% at crop level. Apparently, one would conclude that "flexibility" means actually "lack of structure in the data", and that storing data that cannot be processed is a useless exercise. This is partly true, but it should be mentioned that the problem was particularly evident here due to the high level of integration required by the calculation of the indicator. To properly calculate the balance, the data needed to be completely specified for most agronomic operations of every crop of every farm. For example, even the lack of a single amount of urea applied for one out of 20 crops of a farm would require eliminating the entire farm. When less integrated information is required, much more data become available: for example, only for 15% of fertiliser applications the date was not specified, and only for 8% of inorganic fertiliser applications the amount of fertiliser was not indicated. This means that simpler but useful statistics can be successfully calculated using this database, and the flexibility is not so limiting as in the case of the balance. Our conclusion is that this flexible data model was congruent with the purpose of collecting and integrating as much information as possible on agricultural production systems of the Park during the survey. However, further studies focused on objectives that are more specific would require the development of a simpler database based on a minimum dataset, to simplify data collection and processing .
As Table 1 shows, for most of the variables describing farming systems the average and the variability do not differ very much among the three datasets (A, B and C). Therefore, it would have probably been more efficient to concentrate the efforts with the most co-operative farmers to obtain management data, and to integrate this information with existing databases related to the entire set of farms in the Park. This would also answer the question if a calculation of this type can be applied at situations where the resources are not available for conducting so many direct interviews; Sacco et al. (2003) , for example, have built a detailed information system on the basis of available data (CAP files, slurry management database, animal livestock register, digital cadastral map) integrated with expert knowledge for specific aspects (chemical fertiliser applications) and have carried out no interviews. This procedure has of course the advantage of being based on official data but may introduce a certain arbitrary homogeneity in some variables: for example, the variability of F (Table 5) can be important, while Sacco et al. (2003) have used a fixed cropspecific value derived from expert knowledge.
Finally, the use of a standard crop management itinerary, pre-compiled by experts before the interviews are carried out, would be a useful benchmark to critically evaluate and test the data collected during the interviews, as done for example in the AGENDA project by Giupponi (2002) .
Concluding remarks
The SITPAS-db is an integrated and comprehensive information base to carry out regionalscale calculations of AEIs; the powerful relational data model allows integrating and evaluating the data in a way that would not be possible otherwise. The present application showed that the procedures to collect and store the data for this type of applications can be further improved: (i) before carrying out a survey, determine precisely the objectives; a generic survey may result in too many data collected and a complex database structure; (ii) identify the minimum data required, their scale and their source; (iii) set-up the simplest data model.
The calculated indicator shows that in the study area (the Sud Milano Agricultural Park), intensive dairy and pig farming systems with excessive N fertilisation are potentially at risk of N losses, while cereal farms have lower surplus. Therefore, specific measures should be promoted by the Park for better N management. The most uncertain data were biological fixation, yields of meadows, nutrient emissions from livestock and their apportioning over land area. Scientific rules to determine these quantities at this scale (using easily available data) would be very useful.
The soil surface balance indicator can be used by administrative and technical bodies (e.g. by the Park) as a first screening tool, to identify the most hazardous cropping and farming systems. The balance could be calculated using available databases (CAP, manure distribution, Rural Development Programme), digital maps, remote sensed information, and expert knowledge. The indicator can also potentially be integrated with common soil and climate information (precipitation, evapotranspiration, water holding capacity) to calculate a potential nitrate concentration of water leaving agricultural fields (OECD, 2001) . Technical assistance could be delivered to the farmers with the highest surpluses: available scientific knowledge, direct measurements and simulation models should be used to optimise agricultural management, towards reduced N losses and good crop yields.
